Previous evidence indicates that a child's body mass index (BMI) and eating behaviors are often related to the BMI and eating behaviors of his/her parents. Additionally, there is evidence suggesting that fruit and vegetable intake may impart weight control benefits. The purpose of this study was to examine the relationship between mother's BMI and the intake/availability of fruits and vegetables in the home, as well as mother's perceived body shape of her child. This is a cross sectional, descriptive analysis of results from a large internet-based survey of Generation X and Y mothers evaluating the role of fruit and vegetable consumption and health behaviors in US families. Mothers (n = 1469) with children under the age of 18 living in the home reported her BMI, her fruit and vegetable intake, and fruit and vegetable availability in the home. Additionally, mothers with children between the ages of 2 and 12 (n = 1177) reported her child's body shape (using graduated images of children ranging from the 3rd -97th percentiles of BMI). Mother's BMI was not related to fruit or vegetable intake, though it was inversely related to fruit, but not vegetable, availability in the home. Mother's BMI was also positively related to child's body shape, and mother's fruit, but not vegetable, intake was inversely related to child's body shape. Our findings support a potential role for fruit availability promoting healthy BMI in mothers and/or healthier body shape in their children.
Introduction
Obesity is a health concern in adults and children [1] [2] [3] , ultimately resulting in an increased risk for chronic diseases including Type 2 Diabetes, cardiovascular disease, and cancer [4, 5] . Evidence suggests that children's body mass index (BMI) and eating behaviors are associated with the BMI and eating behaviors of their parents [2, 6, 7] . Increased fruit and vegetable (FV) consumption as part of a healthy, balanced diet is an established health goal in the US [8] and is often recommended by practitioners as a targeted behavioral strategy to reduce body weight [9] [10] [11] .
The social ecological theory suggests that the environment plays an important role in behavior development, and the family environment is especially important in the development of eating behaviors in children [12] . Evidence correlating FV intake in children and the role of parental FV consumption and attitudes has been evaluated in both systematic reviews and nationally representative surveys [12, 13] , though a recent systematic review and meta-analysis found only a weak association [14] . A review evaluating the role of the home environment on FV intake in children and adolescents showed that availability, parental modeling, and parental intake were all positively associated with children's FV consumption [12] . The role of the mother in children's eating behaviors may be of particular importance, as mothers characteristically spend more time than fathers with children and have more influence over feeding activities [15] . There is a large body of evidence suggesting that parental intake of FV, specifically, is highly associated with children's intake [7, 13, 16] .
Despite the established role of parental choices and modeling on children's FV intake, there is a lack of data regarding the complex relationship between a mother's FV intake and her BMI and the relationship of these parameters to her child's FV intake and body shape (i.e. ecto-morph, mesomorph, or endomorph).
A large internet survey of mothers with children residing in the home conducted annually on behalf of the Produce for Better Health Foundation affords a unique opportunity to further explore these relationships. Specifically, this report sought to evaluate the relationships between FV intake/availability and BMI of mothers, maternal BMI and her child's body shape, and maternal FV intake/availability and mother's perception of her child's body shape. We anticipated that FV intake/availability would have an inverse relationship with BMI, maternal BMI would be associated with larger reported body shape of the child, and maternal FV intake/availability would be associated with smaller perceived child's body shape.
Methods

Survey Development
An annual online consumer survey was originally developed by the Produce for Better Health Foundation Research Board in collaboration with Ogilvy Public Relations Worldwide, the public relations agency for Fruits & Veggies-More Matters ® and OnResearch, Inc. (Ontario, Canada). A pilot study was conducted in 2006 in Generation X (GenX; individuals born between 1965-1979) mothers (n = 73), further reviewed and refined, and sent to outside reviewers with behavioral expertise for additional review. The baseline survey was fielded in February 2007 in 1000 mothers and has been completed annually since 2007 in US mothers.
Questions were developed to obtain information about knowledge, attitudes, and beliefs of GenX mothers and to gain insight into barriers to providing fruits and vegetables to their families. The sample of potential participants was drawn from membership lists of survey panels for online companies who partner with OnResearch, Inc. Potential respondents who met inclusion criteria were invited via email to participate in the survey. Respondents included mothers born between 1965 and 1990 with at least one child under the age of 18. Those who completed the survey were given a small cash reward for participating. Each year, the survey is completed in women who have not participated in previous years.
Most questions were answered using a 5-point Likert scale, though several questions required open-ended responses. Respondents were asked to provide information regarding their personal FV intake and FV availability in their home (including fresh, canned, frozen, or dried). The survey stated that a serving of fruit/vegetable was approximately the size of a tennis ball, and women provided a numerical response for the number of servings they ate each day. Women reported their average daily intake of fruits and vegetables separately.
Additional Survey Sections Added in 2011 Survey
In 2011, additional survey questions were developed that had not been used in previous surveys. All data for the current analysis were collected January 14-31, 2011. Mother's BMI was calculated using information from those respondents who elected to provide data on their height and weight (92.9%, n = 1486). Those who reported a BMI < 15 kg/m 2 (n = 9) or >60 kg/m 2 (n = 8) were excluded from the analytical dataset. Thus, data from 1469 mothers were included in our analyses.
Additionally in 2011, respondents were asked to report on their child's body shape only if they had children between the ages of 2 and 12 years living in the home. If a woman reported having more than one child between 2 and 12 years of age, they were asked to report on the body shape of only one child chosen at random by the survey software (n = 1177). The images used to inform on child's body shape were produced by Truby and Paxton in 2002 [17] . The children depicted in these images ranged in size based on the 1979 National Center for Health Statistics (NCHS) BMI percentiles (A = 3rd, B = 10th, C = 25th, D = 50th, E = 75th, F = 90th, and G = 97th) (Figure 1) . In order to assess outcomes associated with children's body size, the eight categories were collapsed into clinically relevant BMI groups: ≤25th percentile (groups A, B, and C combined), 50th percentile (group D), 75th percentile (group E), and ≥90th percentile (groups F and G combined).
Statistical Analysis
Associations between mother's BMI and fruit or vegetable intake were tested using linear regression. Wilcoxon's rank sum test was used to test the difference in FV intake between women who opted to provide height and weight compared to those who did not. The relationship between FV intake and FV availability in the home was tested using multinomial logistic regression and assessed for confounding by mother's BMI, though no confounding was observed. Linear regression models were also used to evaluate the differences in BMI between women who selected specific categories of FV availability among the variety of responses available. Associations were assessed for potential confounding by education, employment, marital status, age, number of children, daily physiccal activity, fruit or vegetable intake, and ethnicity. Covariates that resulted in a beta coefficient change of more than 10% were included in the final adjusted model. The covariates included in the model for fruit availability and BMI were physical activity and education, whereas the model for vegetable availability and BMI included physical activity, education, marital status, and ethnicity.
Differences in BMI between mothers who selected various body shapes for their children were tested using ordinal logistic regression. The association between child's body shape and FV availability in the home was tested using chi-square tests. Lastly, the relationship between mother's FV intake and child's body shape was tested using ordinal logistic regression. Trends were tested by including child's body shape category as an ordinal variable in the model, wherein categories A/B/C = 1, D = 2, E = 3, and F/G = 4. This trend was assessed for potential confounding by mother's BMI; no confounding was observed. All tests were considered statistically significant at p < 0.05. Statistical analyses were performed using Stata 11.1 (StataCorp, College Station, TX).
Results
Survey respondents had a mean ± SD age of 36.4 ± 6.1 years and 2.0 ± 1.0 children under age 18 living in the home. The mean BMI (calculated from self-reported height and weight) of mothers was 27.5 ± 7.3 kg/m 2 , and 54.2% of women were considered overweight or obese (BMI ≥ 25 kg/m 2 ). Mothers reported a mean number of daily servings of fruits of 2.6 ± 3.0 and a median of 2 servings. The mean number of daily servings of vegetables was 2.5 ± 2.0 servings, and the median intake was 2 servings ( Table 1) . There was no difference in fruit or vegetable intake between women who elected to provide height/weight compared to those who did not (P = 0.599 and P = 0.680, respectively).
Associations between Mothers' BMI, FV Intake, and FV Availability
No significant association was found between mother's BMI and self-reported daily servings of fruit or vegetable intake (P = 0.125 and P = 0.099, respectively). However, women who reported greater availability of FV in their home did report significantly greater daily intake than those who reported lower availability ( Table 2) . BMI of respondents was compared across FV availability categories. Women who reported that fruit was "always available" had a significantly lower BMI than those who reported that fruit was "almost always/ usually available" (26.6 ± 6.6 versus 28.1 ± 7.9 kg/m 2 , respectively; P < 0.001) or "occasionally/rarely/never available" (26.6 ± 6.6 versus 29.4 ± 7.1 kg/m 2 ; P < 0.001) in the home (Table 3) . This relationship held when adjusted for education and physical activity. Furthermore, the BMI of women who selected that vegetables were "always available" was significantly lower than those who selected that vegetables were "almost always/usually available" (26.9 ± 6.8 versus 28.1 ± 7.8, respectively; P = 0.001); women who selected that vegetables were "occasionally/rarely/never available" also demonstrated a higher BMI compared to the "always available group," a Significantly different from "always" available (P < 0.001); b Significantly different from "almost always/usually" available (P < 0.001).
but this difference was not significantly different, likely due to the small number of women reporting low availability (n = 74). After adjusting for education, physical activity, marital status, and ethnicity, the relationship between BMI and vegetables "almost always/usually available" was attenuated and no longer statistically significant (P = 0.100) ( Table 3) .
Associations between Child's Body Shape, FV Availability, and Mother's FV Intake
Child's body shape was assessed using the images in Figure 1 . Most women (n = 915, 77.7%) selected that their child resembled images A, B, or C (relating to ≤25th BMI percentile) while very few women (n = 70, 5.9%) selected images F/G (relating to ≥90th BMI percentile). There was a significant association between mother's BMI and child's body shape (P = 0.001) (Figure 2) . Additionally, those women who selected that her child resembled endomorphic images (E or F/G) had significantly higher BMIs than those who selected that their child resembled more ectomorphic or mesomorphic images (A/B/C). No significant differences existed amongst categories of child's body shape when compared to FV availability categories (data not shown). However, mothers who reported greater fruit intake were more likely to report their child's body shape in the lower BMI categories (P = 0.007), though this inverse association did not hold true in relation to mother's vegetable intake and child's body shape (P = 0.809) ( Table 4 ).
Discussion
This study provides hypothesis-generating results regarding the role of mothers' practices specific to FV intake/ availability and both her and her child's body size. There was a significant inverse relationship between mother's BMI and fruit and, to a lesser extent, vegetable availability, though we did not find a significant association between mother's BMI and reported FV intake. We also found an association between mother's fruit, but not vegetable, intake and the reported body shape of her child; mothers who reported children in the higher percentiles of BMI reported significantly lower fruit intake than mothers who reported their child's body size in the lower or normal BMI percentiles.
Short-term interventions indicate that increasing FV intake may be a good strategy for weight control as part of a balanced diet, as FV's increase feelings of satiety and may reduce intake of high-energy foods [9, 18] . However, observational data evaluating the relationship between FV intake and BMI provide inconclusive results [9, 18, 19] . A systematic review of the literature suggests that there may be a relationship between low FV intake and higher BMI [19] ; however, most studies that assess this relationship are designed with endpoints of FV intake and chronic disease outcomes [20] , making it difficult to accurately extrapolate their findings to obesity, specifically. Our study did show a statistically significant relationship between fruit availability and BMI in mothers. These findings are consistent with much of the research regarding home FV availability and weight status, most of which has focused on children and adolescents and not adults [21, 22] . Interestingly, this effect was not seen with vegetable availability and BMI, as mothers who selected that vegetables were "occasionally/rarely/ never available" in their home had lower BMIs than those who selected that vegetables were "almost always/ usually available." Supporting our data, an analysis from the USDA's 1994-1996 Continuing Survey of Food Intakes by Individuals (CSFII) found that lower BMI was associated with greater fruit, but not vegetable, intake in adults and children [23] . Although we did not see a significant difference in BMI between women selecting the highest and lowest vegetable availability categories, it should be noted that women who indicated that vegetables were always available in their home had a lower BMI than those who did not choose this option. In addition, the BMI of this group was similar to the BMI of the group who indicated that fruits were always available in the home. One important issue that may potentially explain these results is the very low number of women who selected the lowest categories of vegetable availability (n = 74) compared with those who indicated that vegetables were always available (n = 753). Furthermore, we did not obtain information regarding fruit and vegetable preparation methods. Vegetables consumed may have been fried or eaten with high calorie sauces or butter. This effect may explain the lack of an association between vegetable availability and BMI. cluding parental behaviors and beliefs [12, 15] . Our study explored the relationship between mother's BMI and child's (aged 2 -12 years) body shape. Child's body shape was used as a proxy for child's BMI, as validated by Saxton et al. [24] . We found a significant association between mother's BMI and child's body shape. Women who selected that their child resembled an image of a larger body size had higher BMIs than those who selected a smaller body size. These findings agree with previous reports regarding parental BMI and child's weight status [25, 26] . In addition to the relationship between mother's BMI and child's body shape, we explored additional variables that may influence child's weight status. Previous work suggests that FV availability in the home is related to children's FV intake [22] . Children's FV intake may then confer benefits such as healthier weight status and reduced adiposity [18, 22] . Despite this rationale, we failed to observe a relationship between FV availability and child's body shape. However, actual intake of FV in children was not assessed.
There is a large body of evidence exploring the relationship between mother-child FV intake resemblance [13, 14, 27] as well as FV intake and BMI in both adults and children [18, 19] . To our knowledge, this is the first study examining the relationship between maternal FV intake and child's body shape. We observed a significant inverse association between mother's fruit intake and child's body shape, suggesting that lower maternal fruit intake may be associated with her child's larger body size. This relationship did not exist between vegetable intake and child's shape, perhaps for the same reasons that it did not exist between mother's BMI and home vegetable availability. These findings provide further evidence suggesting that interventions to improve FV intake in children should also focus on promoting FV intake in mothers, as the family environment is a strong determinant of behavior development [12] . This is the first internet-based study to target a specific generation of mothers and for which we have novel information regarding mother's perception of child's body size to evaluate the role of FV in family health. The study was large with responses from over 1400 mothers. However, the study does have limitations. This study was conducted using cross-sectional data, limiting the ability to determine causation. Additionally, this study was conducted online and is therefore biased towards women with internet access. This study was also based on selfreported height and weight, FV intake, and FV availability; thus, respondents may have provided inaccurate information. Without a marker of validation (height and weight measured by a trained professional, a biomarker of intake such as serum carotenoids, or in-home appraisal of FV availability), we cannot ascertain the validity of self-reported data in the current study. We also did not have any information regarding other aspects of the diet, making it difficult to control for other potential confounders. Furthermore, social desirability may have resulted in answers that were not truly representative of actual behaviors and beliefs.
Additionally, our survey collected information on mother's perceptions of her child's body shape. Although these images were designed using BMI percentiles developed over 30 years ago, the scale itself was not developed until 2002 [17] and currently represents the most up-to-date scale of children's body images. Furthermore, this scale is unique as each image is an actual photograph of a child that correlates to a specific BMI, whereas previously developed scales simply depict silhouettes that do not necessarily correspond to actual BMI values [17] . A validation study by Saxton et al. in 2009 indicated that children were able to identify their body shape using these images with reasonably high accuracy [24] . However, there is literature that indicates that mothers tend to underestimate their child's body size [28, 29] . Currently, 16.9% of American children are classified as obese [30] , while only 5.9% of women in this survey chose the body images that most closely correlate with obesity (F = 90th percentile; G = 97th percentile). This suggests that some women may have misclassified her child or that the sample of women surveyed is not largely representative of the American population.
Conclusion
The relationships between mother's BMI, FV intake, FV availability, and child's weight status are extremely complex and not well understood. Using a national sampling of mothers, we were able to evaluate FV availability in the home in relation to the BMI of the mother and also the body size of the child. The current study supports a role of fruit and, to a lesser degree, vegetable availability in BMI of mothers. Our data suggest a relationship between mother's fruit, but not vegetable, intake and child's body shape. The evidence generated from this study, particularly that regarding women's BMI and home FV availability, and mother's FV intake and child's body shape, should be further explored in longitudinal studies in order to inform on future interventions targeting FV consumption and healthy weight in the family setting.
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